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Abstract 
Fluorine doped tin dioxide (FTO) films were prepared on glass substrates by a homemade ultrasonic spray pyrolysis 
systemand the electrical properties were improved by annealing in air. The as-deposited film was prepared from 
SnCl4 solution. This spray solution prepared from tin tetrachloride pentahydrate (SnCl45H2O) dissolved in deionized 
water at 0.3M concentration and NH4F was added into the solution for fluorine doping. The NH4F/SnCl4 ratio was 
varied as 0, 5, 10, 20 and 40 %mol, respectively. All of films were prepared at the same period of time, 15 minutes, 
and substrate temperatures of 300oC. The lowest resistivity of prepared films was found about 8.40x10-1 :cm at the 
optimum NH4F/SnCl4 ratio of 10 %mol. The heat treatment parameters were annealed temperature and time. The 
annealed temperature was varying as 200, 250, 300 and 350 oC and annealed times were set at three different values 
as 15, 30 and 45 min. for each annealed temperature. After heat treatment process, the transmittance in the near 
infrared range was decreased due to the decreasing of resistivity. 
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1. Introduction 
FTO film is one of transparent conductive oxide used in wide variety applications such as transparent 
electrode in solar cell, flat panel display, heat mirror and electrochromic device [1]etc. There were several 
techniques that have been developed for film depositions such as chemical vapour deposition (CVD), 
sputtering [2], sol-gel [3], evaporation [4] and spray pyrolysis [5] etc. Spray pyrolysis is the one of a 
popular, low cost technique because it can be operated in atmospheric pressure and suitable for large scale 
coating. The ultrasonic spray pyrolysis was designed and constructed in this work. It was found that the 
opaque film occurred when the substrate temperature was increased because SnCl4 particle adhere on film 
due to the higher evaporation rate of water in the solution droplet [6]. This paper deals with heat treatment 
of FTO film that prepared at low substrate temperature of 300qC and then improved the electrical 
properties by annealing in air process. After annealing in air, the film’s properties were characterized such 
as electrical properties, optical properties and crystal structure.  
2. Experimental details 
The ultrasonic spray pyrolysis system was designed and constructed as shown in Fig.1. The small 
average size of solution mist with the diameter of 3 Pm (calculated by Lang’s model, [7]) was produced 
by ultrasonic mist maker of 28.8 watts and blown into the reaction chamber by the air flow rate of 5 
l/min. The solution droplets were then flown through the grid placed at 10 cm from the end of spray tube 
to provide a uniform distribution of spray fume when enter the reaction chamber. The mist velocity and 
chamber air flow rate was varying by adjusting the electric fan speed that located behind the substrate for 
coating uniform films [8]. The substrate temperature was controlled by the temperature controller and 
using thermocouple type K for temperature measurement. 
 
 
 
Fig. 1. The ultrasonic spray pyrolysis system with dimensions [8] 
 
The substrates were glass slide with dimension of 2.5 x 3.7 cm2. Three pieces of them were put on the 
stainless steel sheets which the thickness of 0.8 mm for uniform temperature distribution as shown in 
Fig.2. The substrates were placed at a distance of 30 cm from the spraying tube with the tilt angle (ș) of 
30 degree. A thermocouple was put under the stainless steel sheet at the center of the middle substrate. 
The relation between back and front temperatures was found and used in our actual coating to determine 
the front temperature of substrate because the front thermocouples were taken off to avoid film damaged 
in our actual coating. The middle substrate was used for being characterized and annealed because they 
were the ones with the best uniform films.  
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Fig. 2. Substrate and thermocouple position [9] 
 
Tin tetrachloride pentahydrate (SnCl45H2O; Riedel, 98%, M = 350.60 g/mol) dissolved in deionized 
water with the concentration of 0.3M was used as a spray solution and Ammonium fluoride (NH4F; 
Merck, 98%, M = 37.04 g/mol) was added into the solution for fluorine doping. The NH4F/SnCl4 ratio 
was varying as 0, 5, 10, 20 and 40 %mol for finding the optimum quantity of NH4F.  
The electric fan voltage was adjudged to 160 V to provide chamber air flow rate of 33 l/min for 
preparing the uniform film. The substrate temperatures and coating time period were set at 300qC and 15 
min respectively. The annealed temperatures were set at 200, 250, 300 and 350qC respectively. The 
annealed times were varying as 15, 30 and 45 minutes for each annealed temperature. The annealed time 
was started when the annealed temperature was reached and then let it cool down in the furnace. After 
that the film’s properties were characterized and compared with the as-deposited film. The electrical 
properties measurement was made at room temperature with square four - point probe system by Van der 
Pauw method. The transmittance of films was measured by a Shimadzu / UV-3100 spectrophotometer 
and the crystal structures were characterized by a Rigaku /Miniflex X-ray Diffractometer with a Cu KD 
radiation  
3. Results and discussions 
3.1. The optimum quantity of NH4F 
Fig. 3 shows the resistivity of FTO films as a function of NH4F/SnCl4 ratio at substrate temperature of 
300 oC. After doping fluorine, F atoms substitute O atoms could create more free charge carriers. These 
reasons provide the film with higher conductivity due to the increasing of F concentration. However, 
when the F content was more than the limit needed to fill the oxygen vacancies. The resistivity increased 
due to the cancellation of the effect of oxygen by substitution of fluorine atoms and/or the accumulation 
of fluorine atoms in the grain boundaries forming Sn-F bonds [10]. The excess ionized F atoms as 
scattering centers would reduce the charge mobility and lower film’s conductivity. The lowest resistivity 
was about 8.40 u 10-1 :cm at the optimum NH4F/SnCl4 ratio of 10%mol. 
3.2 Electrical properties of FTO films after annealing in air 
Fig. 4 shows the resistivity of FTO films after annealing compared with the as-deposited films. The 
resistivity was decreased after annealing in air because of the increasing of charge mobility due to higher 
crystallinity. Considering the annealed temperature of 200qC, it was found that the resistivity decreased 
when the annealed time was increased because the increasing rate of mobility due to higher crystallinity 
as shown in Fig. 5 was greater than the decreasing rate of charge concentration due to losing of  F atom 
666  C. Luangchaisri et al. / Procedia Engineering 32 (2012) 663 – 669
from the film as shown in Fig.6. But at higher annealed temperature of 250 and 300qC, the resistivity 
decreased when the annealed time was increased from 15 to 30 min. and then increased when annealed 
time was increased from 30 to 45 min. because the carrier concentration decreased with higher rate due to 
the losing of F atom The optimum point was found at the annealed time of 30 min. The optimum point 
was shift to 15 min. at the higher annealed temperature of 350qC due to the higher losing rate of F atom 
 
Fig. 3. The resistivity of FTO films as a function of NH4F/SnCl4 ratio at substrate temperature of 300 oC 
 
Fig. 5 shows that the charge mobility of each annealed temperature increased as a function of annealed 
time because the atoms could move better due to larger grain sizes and less grain boundaries scattering.  
Fig. 6 shows the charge concentration of FTO films after annealing compared with the as-deposited 
film. It was found that the charge concentration decreased due to more losing F atom from the film when 
the annealed time was increased. 
 
 
 
Fig. 4. The resistivity of FTO films after annealing in air compared with the as-deposited film 
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Fig. 5. The charge mobility of FTO films after annealing in air compared with the as-deposited film 
 
 
Fig. 6. The charge concentration of FTO films after annealing in air compared with the as-deposited film 
3.3 Optical properties of FTO films after annealing in air 
Fig.7 (a) shows the optical transmittance of the as-deposited film compared with the annealed films 
that annealed at the temperature of 200qC and varying annealed times as 15, 30 and 45 min., respectively. 
It was found that the transmittance in the near infrared range of annealed film was lower than as-
deposited film due to the lower resistivity of film. The transmittance in near infrared range was decreased 
when the annealed time was increased due to more conductivity of film [11].  
Fig. 7(b) shows the optical transmittance of the as-deposited film compare with the annealed films 
when annealed time was 15 min. and annealed temperature was varying as 200, 250, 300 and 350qC, 
respectively. It was found that the optical transmittance in the near infrared range was lowest at annealed 
temperature of 200qC and increased when annealed temperature was increased. These results confirm that 
the transmittance in the near infrared range was depended on the carriers’ concentration and charge 
mobility of films. 
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Fig.7. The optical transmittance of the as-deposited film compared with the annealed films. (a) When the annealed temperature was 
set at 200qC and the annealed times were varying as 15, 30 and 45 min., respectively. (b) When annealed time was 15 min. 
and annealed temperature was varying as 200, 250, 300 and 350qC, respectively 
 
3.4 Crystal structure of FTO films after annealing in air 
 
Fig. 8(a) shows the x-ray diffraction pattern of annealed films compared with the as-deposited film 
when the annealed temperature was set at 200qC and the annealed times were varying as 15, 30 and 45 
min., respectively. The results showed that the annealed films had less noise signals than the as-deposited 
film because the better arrangement of atoms due to grain growth increased the mobilities of charge 
carriers and resulted in higher slope of transmission change in Fig. 7 [11].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. The x-ray diffraction pattern of annealed films compared with the as-deposited film. (a) When the annealed temperature was 
set at 200qC and the annealed times were varying as 15, 30 and 45 min., respectively. (b) When the annealed time was 15 
min. and the annealed temperature was varying as 200, 250, 300 and 350qC, respectively 
 
Fig. 8 (b) shows the x-ray diffraction patterns of annealed films compared with the as-deposited film 
when annealed temperature was set at four different temperatures as 200, 250, 300 and 350qC but 
annealed at the same annealed time of 15 min. The results showed that the annealed films had less noise 
signals than the as-deposited film due to the increasing of grain sizes. The decreasing of carriers 
concentration due to increasing of annealed temperature tended to shift the cut off wavelength to higher 
values but the increasing of grain size tended to increase the mobility of charge carriers and increase the 
slope of transmission spectra at cut off wavelength [11]. 
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4. Conclusion 
In preparing of FTO films by homemade ultrasonic spray pyrolysis at 300qC substrate temperature and 
15min. coated time, we found that the lowest resistivity occurred at NH4F/SnCl4 ratio of 10%mol. The 
average resistivity of the as-deposited films was 8.40u10-1 :cm. Then annealed the films in air with 
varying temperatures as 200, 250, 300 and 350qC and annealed time was set at three values as 15, 30 and 
45 min. for each annealed temperature. It was fond that in every cases of annealing, the carriers 
concentration of films decreased due to O substitution of F atoms, the higher the annealing temperature 
the faster the decreasing of carriers concentration, but in the opposite direction, the charge mobilities were 
increased due to larger grain sizes that provided less grain boundaries scattering and the changing of 
mobility were fastest at lowest annealing temperature, 200qC. These two effects of changing allowed the 
lowest resistivity to occur at longer annealing time for low temperature and shorter annealing time for 
high temperature. After annealing, the optical transmission of longer wavelengths decreased by two 
reasons, firstly the decreasing of carrier concentration reduced the plasma frequency of films and 
increased cut off wavelength and secondly the higher carriers mobilities increased the slope of cut off 
frequency and reduced the optical transmission faster in the longer wavelength. It was found that in the 
best annealing condition at the annealed temperature of 200qC and annealed time of 45 min., the 
resistivity was decreased from 8.40u10-1 to 7.48u10-2 :cm.  
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